To the radiologist interested in the temporal bone, one of the most important requisites is a close co-operation between him and his otological colleague, for without that co-operation little, if any, progress can be made. Where such co-operation exists, the radiology of this bone is a most fascinating subject, as the anatomy is complicated, the pathology and etiology to an appreciable extent unknown, the radiography intricate and the radiological interpretation difficult and often uncertain.
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To the radiologist interested in the temporal bone, one of the most important requisites is a close co-operation between him and his otological colleague, for without that co-operation little, if any, progress can be made. Where such co-operation exists, the radiology of this bone is a most fascinating subject, as the anatomy is complicated, the pathology and etiology to an appreciable extent unknown, the radiography intricate and the radiological interpretation difficult and often uncertain.
Uisually, when we radiologists consider this part of the body, our thoughts fly to the mastoid process, but this is "putting the cart before the horse". Mastoiditis is not a disease entity in itself, but is a complication of otitis media which, in its turn, is in the great majority of cases a sequel to nasopharyngeal infection.
The first signs of infection present themselves clinically and radiologically in the eustachian tube and the middle ear and, finally, in the mastoid cells, infection of the latter being a sequel to the others. It is logical, therefore, for the radiologist to study the path of infection and to concentrate first of all on the radiology of the middle ear and eustachian tube, finally considering any X-ray evidence of spread of infection to the mastoid process itself.
When considering the radiology of the temporal bone, it is important at the outset to appreciate its fundamental difference from the radiology of other parts of the skeleton, for in the temporal bone the surgeon primarily requires from the radiologist anatomical information as to the type of petro-mastoid he is dealing with, information which he cannot obtain by other means short of operation. It is only secondarily that he wishes to know whether there are or are not any X-ray signs of infection and, in many cases, the X-ray evidence is only corroborative of the obvious clinical signs and symptoms.
The necessity for this somewhat unusual radiological approach becomes apparent when one considers that the course which infection takes in otitis media is very largely dependent on the degree of pneumatization of the petro-mastoid bone. It has long been recognized that approximately 95 % of cases of chronic otitis media occur in diploetic or poorly pneumatized mastoids, commonly called the "infantile type". Acute otitis media may occur in connexion with either the infantile or adult type of mastoid, but a resulting acute mastoiditis is more prone to occur in the adult type, since diploetic bone is more resistant to infection than the well-pneumatized, freely connecting cells.
The border line between an adult and infantile type of mastoid was vague and difficult to define until Diamant's investigation of approximately a thousand persons, all over 10 years of age. About 40 % had no symptoms of ear disease; the remaining 60 % were suffering from acute or chronic otitis media. He took radiographs of the mastoid processes of these patients in the lateral oblique projection and measured the cell system by means of a planimeter. His investigation showed that the cell systems in adults normally vary from 0 to 30 sq. cm. with an average size of 12 to 13 sq. cm. The examination of patients with chronic otitis media showed that the average value of the air-cell system was 2-89 sq. cm.-a striking difference from the normal subject, 12-27 sq. cm. In other words, patients with chronic otitis media have, on an average, one-fourth as large an air-cell system as that of normal patients. In particular, it should be pointed out that in practically every case of Diamant's series suffering from chronic otitis, the size of the cell system falls far short of the average value for normal subject. Diamant states that "if a cell system is found to exceed 16 sq. cm., one may assert that if Proceedings of the Royal Society of Medicine infection should occur, it will not give rise to a permanent change in the tympanic membrane". This means that the person will never have chronic otitis, according to Diamant, whatever form of treatment is adopted. This is a far-reaching statement and, if borne out by other investigators, one of very important prognostic value. It is a remarkable fact that if the cell systems in a pair of mastoids are asymmetrical and the patient contracts a unilateral otitis media, it is invariably the ear with the smaller cell system that is affected.
Enough has been said to show how important is the bearing which pneumatization, or lack of pneumatization, has on the clinical course of the disease. It is also of very great significance in the radiological interpretation.
An early acute infection in a well-pneumatized mastoid is demonstrated with ease as any change in the radiolucency of the cells can be seen in such a case. But, though X-ray diagnosis of infection is comparatively simple in a cellular mastoid, the fewer cells that are present the more difficult does radiological interpretation become, until when the mastoid process is acellular, we have to report to the otologist that we can give no radiological opinion on possible infection of the mastoid process itself until actual bone destruction has taken place, by which time, unless the surgeon has acted on the clinical evidence alone, a very dangerous state of affairs may have arisen. In the radiology of the mastoid process, regarded as an isolated anatomical entity in itself, we are dependent mainly on the radiolucency or radio-opacity of the cells, and if these cells are few or absent, as frequently occurs, we are inevitably faced with a difficult or uncertain radiological problem, at the best, and often it is impossible, owing to the density of the mastoid, to determine whether infection is present or not. It was the frequent occurrence of this difficulty which induced me to reconsider the whole problem of the radiological investigation of infection in the temporal bone.
Mastoiditis, except in very rare cases, is not a disease entity in itself, but a sequel to infection of the middle ear, resulting from organisms in the nasopharynx gaining access to the eustachian tube and so passing into the middle ear. The logical approach to the problem would be to X-ray this path of infection, namely the eustachian tube, petrous bone and middle ear and, finally, the mastoid process. This technique, if adopted, will materially help us in the radiological recognition of otitis media in all types of mastoid process, particularly where the mastoids are acellular or poorly pneumatized and where inspection of radiographs of the mastoid process gives us little or no information.
RADIOGRAPHIC TECHNIQUE Apparatus.-Though radiographs of the temporal bone can be taken on the ordinary radiographic couch, more satisfactory results are obtained with apparatus specially designed for the purpose, the best known being those designed by Law, Granger, Lysholm and Bullitt. They all immobilize the patient's head in an accurate and standard position so as to show clearly the parts required, with the minimum superimposition of other structures. I use the same upright radiographic stand which I designed for the radiography of the accessory nasal sinuses.
By the use of a rotating anode tube detail is considerably increased and the exposure time reduced to one or two seconds, a great advantage with children. It is essential that only radiographs giving the finest possible detail should be used. RADIOGRAPHY (1) The submandibular vertical position.-The patient sits with his back to the Potter-Bucky diaphragm, the neck extended back as far as possible, the vertex placed firmly against the diaphragm and the head grasped by the head clamp in the bitemporal diameter. The tube is adjusted so that the central ray is parallel to the posterior margins of the ascending rami of the mandibles and midway between them. The centring of the tube and the position of the patient's head must be very exact, otherwise the shadow of the tympanum will be largely concealed by the petrous bone or the mandibular condyle. Fig. 1 : This view shows the eustachian tubes, the middle ears, the head of the malleus, the petrous, the external meati, and an axial view of the mastoid processes. The eustachian tube shows as a fine negative shadow, due to its air content, running inwards and forwards to the nasopharynx. If occluded, its shadow will be faint or invisible.
(2) 30 degree fronto-occipital position, or Towne's position.-The patient sits with his back to the Potter-Bucky, the occiput resting against it, and the head is grasped by the clamp in the bitemporal diameter. The chin is tucked into the chest, so that the orbitomeatal line is 10 degrees above the horizontal. The tube is angled 30 degrees downwards and centred 1I inches (3 75 cm.) above the nasion. (3) The lateral oblique views.-The patient sits with the side of the head resting against the Potter-Bucky diaphragm, in the right or left true lateral position, the head being immobilized by the clamp grasping the occiput and forehead. The tube is angled 30 degrees downwards and centred over the external meatus nearest the film. Fig. 3 : This view shows the extent to which the mastoid cells extend backwards towards, and possibly beyond, the lateral sinus, forwards towards, and possibly into, the tubercle of the zygoma, and upwards into the squamous. It also shows the anterior wall of the lateral sinus, the temporo-mandibular joint, the external meatus and the tegmen tympani and antrum.
(4) The postero-anterior oblique views.-The patient sits facing the Potter-Bucky, the orbitomeatal line being at right angles to the film and grasped by the head clamp in the bitemporal diameter. It is then turned through 45 degrees to the right for the right mastoid process and then 45 degrees to the left for the left mastoid process. The tube is centred over the posterior border of the mastoid process. Fig. 4 : This view shows the mastoid process and if, and to what extent, the petrous is pneumatized; it also shows the labyrinth and the internal auditory meatus.
RADIOLOGICAL INTERPRETATION

Acute Otitis Media in a Cellular Mastoid
In the earliest stages of an acute otitis media, only a slight haziness of the periantral cells will be seen gradually spreading throughout the process. At a later stage, the cell walls become decalcified and, therefore, indistinct. This haziness of the affected side at first may be so slight as to escape notice in the postero-anterior and lateral-oblique view where the rays are passinfg through only a cross section of the process.
Frequently, however, the diagnosis is assisted, as Pancoast and Pendergrass have pointed out, by the anterior wall of the sinus plate on the affected side being thrown into relief in the lateral oblique view. I suggest that this is due to the fact that normally the air-filled cells tend to conceal the sinus plate, acting as a sort of camouflage. When, however, the cells become even slightly cloudy, this camouflage is diminished and the sinus plate then stands out more clearly. Whatever the cause of it, the increased clarity of the sinus plate is a valuable sign in the early stages of acute infection. When, however, in such a case, one examines the radiographs taken in Towne's and the submandibular vertical positions, the slight cloudiness of the cells becomes much more apparent and in the latter position ( Fig. 5 ) not only is the cloudiness of the affected cells clearly seen, but the path of infection is visible also and we note the cloudiness of the eustachian tube and middle ear on the affected side with consequent blurring of the outlines of the ossicles. In many acute cases, but not in all, one also observes some increased density of the petrous bone on the affected side, as seen in the submandibular vertical view. In chronic cases, of course, it is easy to account for this increased density of the petrous bone by sclerosing osteitis, but it is difficult to understand why this increased density should occur in the early stage of infection in some petrous bones which show no visible cells anterior to the labyrinth. I think the most probable explanation is that in most petrous bones there are peritubal cells present, but that often they are too small to be visible as such through the dense overlying bone. When infected and cedematous, however, their shadows, in proportion to their number, are sufficient to add to the normal density of the petrous bone. Fig. 5 : This is the submandibular vertical view of this case, demonstrating the increased density of the petrous bone and also the cloudiness of the middle ear and mastoid cells.
Acute Otitis Media in the Acellular or Diploetic Mastoid tip to now, I have been considering the X-ray evidence of acute infection in the cellular type of mastoid. In such cases, the cloudiness of the cells on the affected side, combined with the changes in the middle ear, eustachian tube and petrous bone, make the diagnosis a comparatively simple matter. But if we confine the-scope of our X-ray examination to the mastoid process alone, we are faced with a difficult problem in the poorly pneumatized or infantile type, and the fewer the cells the more difficult our problem becomes.
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A step further and we come to the completely acellular mastoid (Fig. 6 ). Here it is impossible to detect any X-ray evidence of infection in the usual views of the mastoid process until actual bone destruction or bone sclerosis has occurred. In such a case, therefore, X-ray examination of the mastoid process alone, for signs of early infection, is useless and all we can do is to inform the surgeon that the process is acellular and indicate to him that because of the lack of cells and, therefore, the anatomical opacity of the process, any radiological indication of the presence or absence of infection is impossible.
If, however, we do not confine ourselves to the examination of the mastoid process (Fig. 7) , but study the path of infection in the submandibular vertical view, the problem is solved and the diagnosis obvious. On the right side, the petrous bone is of normal density, the middle ear and eustachian tube are clear and the malleus is well defined, whereas on the left side the petrous bone is opaque, the eustachian tube and middle ear are cloudy and the ossicles are blurred and ill-defined.
Apart from the diagnosis of otitis media, this method of examination is of use in cases of otitis externa, where it is often clinically impossible to determine whether the infection is confined to the external ear or is the result of a discharge through a perforated drum from a primary otitis media. In the first instance, the middle ear will show a normal X-ray appearance, whereas the other will show the evidence of infection.
Chronic Otitis Media
If the infection does not subside, chronic disease of the middle ear supervenes and may persist for months or years. Chronic otitis media practically never occurs except in the poorly pneumatized infantile type of mastoid. The X-ray changes are usually fairly obvious and are those of sclerosing osteitis. If some cells are present, their walls are, at first, indistinct due to decalcification, but as the resistance to the infection is built up, the walls become thickened and dense. The bony walls of the middle ear are thickened and its cavity opaque, so that the ossicles become difficult to distinguish or disappear altogether. This disappearance may indicate actual destruction, or it may be due to a combination of decalcification and concealment by the opacity of the infected middle ear. The petrous bone assumes an ivorylike density and the eustachian tube on the affected side usually shows a lack of aeration.
Complicationis of Mastoiditis
Abscessformation.-As a result of infection, the walls of one or more cells may break down, with coalescence of the cavities and the formation of an abscess (Fig. 8 ).
In the differential diagnosis: Cholesteatomata are fairly common and occur in a poorly pneumatized or infantile type of mastoid. Abscess cavities are not common and though they 19 Section of Radtology This mass originates in the attic, from whence it may extend through the aditus into the mastoid antrum. When the mass completely fills the cavity it occupies, the bony walls, softened by infection, commence to be gradually eroded by the pressure of the tumour (Fig. 9 ). Until this erosion is of an appreciable extent, and the cavity is obviously larger than its fellow of the opposite side, the only evidence in the radiograph will be that of chronic otitis media. Negative X-ray evidence of cholesteatoma, therefore, does not by any means signify its exclusion. Owing to its slow growth ( Fig. 10 ) a protective zone of calcification occasionally forms in the bone around the periphery of the mass. The eroded area, which is less opaque than the surrounding bone, is usually smooth and oval or round in shape, but it may be irregular where some cells are present, the walls of which are broken down. The importance of early diagnosis of the condition is that as the erosion increases it may perforate through the apex of the external canal of the labyrinth, causing a labyrinthine fistula through the upper part of the posterior wall of the external auditory meatus or through the tegmen tympani into the middle fossa. Healed otitis media.-If the infection has been of sufficient severity and duration, the radiographs will show abnormal density of the middle ear on the affected side. The ossicles may or may not be visible and the bony walls of the middle ear, the petrous bone and the mastoid process will show a varying degree of sclerosing osteitis. If the process is cellular, some or all of the cells may be completely obliterated by sclerosis of the walls, and the visible cells may be cloudy, due to granulations and chronic hyperplasia of the mucosa.
Where a superimposed acute infection occurs in such a mastoid, it is often impossible to detect it radiologically. Occasionally, if one is fortunate enough to possess radiographs taken before the re-exacerbation, or the circumstances of the case permit serial radiographs to be taken at a few days interval, X-ray changes may be discernible. In such cases, fresh areas of bone absorption or sequestra may be seen, but, generally speaking, realizing the very great difficulty of the radiologist in giving any useful information, the otologist will act entirely on his clinical judgment. Unopened cells are often difficult to detect. The otologist, at operation, may have broken down the cell walls, leaving the thicker bases of the cortical plates of the cells. These circular shadows may mislead us by simulating complete cells.
SUMMARY
(1) The anatomical information given by the radiograph is of primary importance, as the course of infection in the petro-mastoid is largely determined by its anatomical type. (2) Mastoiditis being a sequela to otitis media, the primary X-ray evidence of infection should be sought in the path of infection, namely the middle ear, eustachian tube and petrous bone in all cases.
(3) Where the mastoid is acellular, and we are therefore unable to give any radiological assistance by study of the mastoid process itself, examination of the path of infection will usually give the information we require.
Dr. J. Blair Hartley entirely concurred with Sir Harold Graham-Hodgson's opinion that the submento-vertical view through the temporal bones was of the greatest value, and should always be taken when an X-ray examination of these bones was being made.
He then showed a lantern slide of this projection, which he claimed to be probably one taken at the earliest age yet seen by radiography. It showed the base of the skull of a stillborn infant of 36 weeks' development, from which the skull had been dissected out, so that the base might be studied.
Dr. Hartley thought that Towne's view was almost equally essential to complete examination of the temporal bones, and added that stereoscopic Towne's views were even better.
Examination of the accessory nasal sinuses really constituted an essential part of the investigation of the temporal bones, and the reverse was equally true.
Dr. R. A. Kemp Harper asked Sir Harold Graham-Hodgson's opinion of the value of Meyer's view, which he had found very useful in the demonstration of certain types of cholesteatoma not definitely demonstrated by other views in common use.
Lantern slides were then shown of a patient who had had a radical mastoid operation many years before and who had recently complained of some discharge from the same ear. X-ray examination of the patient revealed an enormous cholesteatoma destroying most of the petrous temporal bone and almost the whole of the internal ear. Several sequestra were also seen. Operation on this patient had revealed that there was a huge cholesteatomatous mass lying immediately under the dura of the middle and posterior fossa, and the whole vestibular apparatus was lying loose in the cavity except for its attachment to the acoustic nerve.
Sir Harold Graham-Hodgson (in reply): I I agree with Dr. Blair Hartley that stereoscopic views are often useful and that examination of the accessory nasal sinuses also would often be an advantage; but this procedure would involve the possible risk of overexposure, since repeat radiographs in a few days are often necessary.
I agree with Dr. Kemp Harper that Meyer's view is sometimes useful in cases of cholesteatoma, but generally speaking I prefer the other views.
